Introduction: Complex regional pain syndrome (CRPS) is a disorder characterized by pain as well as a myriad of sensory, autonomic, and motor disturbances. We are reporting a case of child diagnosed with CRPS and successfully treated with supraclavicular brachial plexus catheter infusion of local anesthetic. Case Report: An eight-year-old male underwent a left thoracotomy, repair of esophageal vascular ring, and translocation of the left subclavian to the left carotid artery. Post-operative course was relevant for severe intractable left shoulder and left arm pain associated with allodynia and hyperalgesia. A supraclavicular catheter was inserted, and an infusion of ropivacaine 0.2% was started. The child was sent for physical therapy as he gradually regained all functions of his left arm and resumed his regular activities. Conclusion: Continuous supraclavicular brachial plexus catheter infusion of local anesthetic is a valuable method of reducing pain in severe cases of upper extremity pediatric CRPS and may be safer and more effective than other invasive measures such as sympathetic blocks and epidural catheterization. Further research surrounding the diagnosis and treatment of pediatric CRPS is needed to allow early diagnosis and treatment and to improve outcome.
Introduction
Complex regional pain syndrome (CRPS) is a disorder characterized by pain, as well as a myriad of sensory, R. Tolba et al. 2 autonomic, and motor disturbances, and represents a significant medical entity [1] [2] . CRPS includes previous pain conditions with vasomotor and sudomotor dysfunction, including causalgia, Sudeck's atrophy, neuroalgodystrophy, shoulder-hand syndrome and reflex sympathetic dystrophy (RSD). CRPS can be subdivided into two categories, CRPS I and CRP II. CRPS I, formerly known as RSD, does not involve definable major nerve injury while CRPS II, formerly known as causalgia [3] , involves definable major nerve injury. The diagnosis of CRPS is clinical, based on the findings in history and physical examination. Pain with allodynia and signs of autonomic instability in accordance with the Budapest diagnostic criteria are required to make the diagnosis. Pain should be disproportionate to the inciting event, if any. Radiological studies, such as bone scan and MRI, are important to rule out underlying orthopedic anomalies that may explain symptomatology, and if present, would exclude the diagnosis of CRPS [3] - [7] . There are no laboratory tests used to confirm the diagnosis of CRPS. CRPS is primarily a clinical diagnosis; however, functional imaging, visual analog scales, and devices to quantify temperature and mechanical allodynia are available to corroborate physical exam findings [3] .
Management of CPRS in children is multidisciplinary and should aim to provide adequate pain control and appropriate physical therapy. Conservative treatment modalities include physical therapy, behavioral therapy and management with opioids and membrane stabilizers. More invasive approaches such as transcutaneous electrical nerve stimulation (TENS), sympathetic blocks, tunneled epidural catheters, regional nerve blocks, as well as more aggressive surgical approaches may be necessary in recalcitrant cases. In this case we report the use of supraclavicular brachial plexus catheter continuous infusion for the treatment of upper extremity CRPS in an 8-year-old child. This case study details how continuous supraclavicular brachial plexus catheter infusion of local anesthetic for 7 days helped control the child's pain and allowed for the initiation and maintenance of physical therapy with the eventual restoration of the patient's normal activity level.
Case Report
Eight-year-old male underwent a left thoracotomy, repair of esophageal vascular ring, and translocation of the left Subclavian to the left carotid artery. The child sustained a stable intra-operative course. Post-operatively, the patient complained of continuous burning 10/10 pain over his left shoulder with marked limitation of arm movement. The pain progressed to involve the whole left arm with associated allodynia and hyperalgesia on exam. The pain could not be controlled with oral pain medications, membrane stabilizers and IV opioids. X-rays and MRI of the shoulder failed to reveal any pathology of the brachial plexus or the shoulder itself and subsequently the diagnosis of CRPs was made. This was based on clinical finding of allodynia and hyperlagesia, and the presence of severe pain out of proportion that cannot be explained by radiological and EMG findings. The decision was made to perform a left supraclavicular brachial plexus block and catheter insertion for continuous infusion of local anesthetic. Under general anesthesia, using ultrasound and nerve stimulator guidance, a supraclavicular catheter was inserted. An initial bolus of 12 cc mepivacaine 1.5% was injected with adequate spread around the nerve. The catheter was then tunneled and secured. The patient experienced dramatic pain relief after the block, however the next day, the catheter dislodged. At this time, the decision was made to place a tunneled cervical epidural catheter under general anesthesia using fluoroscopy guidance. This procedure was ineffective at controlling the pain. The patient continued to experience significant burning pain in his left arm and shoulder. On account of the significant pain reduction experienced after the initial supraclavicular block, another supraclavicular brachial plexus catheter was inserted under ultrasound guidance. Ropivacaine 0.2% infusion was used with 5 cc basal rate, 3 cc bolus, and 60 minutes lockout intervals. The patient was sent to rehabilitation with the catheter still in place. The catheter was kept in place for seven days with considerable pain relief as the patient started his rehabilitation program.
The child was followed later in surgery clinic after finishing successful rehabilitation program. He gradually regained all functions of his left arm and resumed his regular activities.
Discussion
The occurrence of CRPS in children was questioned for a long time however several studies and case reports have since come to describe the syndrome and lend more credence to its existence as a clinical entity. Unlike adults, involved children are generally female and develop CRPS following minor trauma. CRPS in the pediatric population, in contrast to adults, mainly involves the lower extremity, especially the foot [8] [9] . Additionally, many investigators found psychological issues to be prevalent among this patient population although newer findings suggest otherwise [10] - [12] . Some of these differences between adult and pediatric cases of CRPS as well as data from early case reports in the 1970s detailing spontaneous resolution in pediatric patients [13] - [15] have led to a divergence in the scientific/clinical community. There is a contingent that believes that pediatric CRPS should be treated differently from adult CRPS, and for the most part more conservatively [16] . These sentiments as well as an overall lack of literature on pediatric CRPS may possibly underlie the delay in diagnosis of this condition as well as high reoccurrence rates. Lowe et al. describes a mean time to diagnosis of 13.6 weeks and a reoccurrence rate of 20% in his patient population [17] . The notion that pediatric CRPS is a milder clinical entity than its adult counterpart as well as the push for solely conservative treatment paradigms is dangerous.
Conservative management via physical therapy and psychotherapy alone (and possibly oral analgesia) may suffice for a majority of patients; however this will not be curative in all cases. Low describes a study of 20 children diagnosed with CRPS at a major children's hospital over a 4-year period. Although a large percentage of them had resolution of symptoms following intense physiotherapy and psychotherapy, almost 70% of these patients required adjuvant medication to enable them to participate in physiotherapy, 40% required in patient hospital treatment, and 20% had a relapse episode [8] . Furthermore, this 20% may be underrepresented as patients may have followed up at another hospital/facility or may yet still follow up sometime in the future. Wilder et al. found that 38/70 of the pediatric CRPS patients in their case series continued to have some residual pain and dysfunction despite conservative treatment with physical therapy, transcutaneous electronic nerve stimulation, psychological therapy, and TCAD and even despite more invasive sympathetic blocks in several of these patients [15] . Other studies demonstrate similar findings, documenting cases of recalcitrant pediatric CRPS and the inefficacy of conservative measures to resolve symptoms [4] [17] [18] . A 2009 study using a mailed questionnaire found that at least half of young adults who experienced CRPS I during childhood an average of 12 years prior to the study, still report spontaneous pain (52%), pain after exercise (57%) and other sensory, motor, or autonomic symptoms [19] . Hence, pediatric CRPS is not a mild clinical entity and in many cases is very resistant to conservative treatment.
A recent study found that pain induced persistent reorganization and hyper-connectivity of the cortical, limbic, and basal ganglia pain circuits in pediatric CRPS patients even after treatment and symptom resolution [20] . This "hyper-connectivity" may underlie CRPS reoccurrence and one may speculate that the higher reoccurrence rates of CRPS in children, as high as 30% -50% in some studies [5] [12] [21] , may be due to delays in diagnosis and possible insufficient treatment which allow time for such structural changes to take place. The swift elimination of the pain in pediatric CRPS may preclude the development of such structural changes. Further research is necessary to formally establish a link between persistent structural changes and CRPS persistence and reoccurrence.
The prognosis and responses to the same therapy vary among children suffering from CRPS [22] . Treatment modalities utilized in the past include physical therapy, behavioral therapy, antidepressants, TENS, sympathetic blocks, peripheral nerve blocks, spinal cord stimulation and sympathectomy [15] . A multidisciplinary approach utilizing analgesia, physical therapy, and behavioral therapy is ideal, but physical therapy plays the predominant role in treatment of CRPS. Sherry et al. demonstrated in her prospective follow up study of 103 children with CRPS treated with aggressive physical therapy alone that 92% of the children were symptom free immediately following therapy, and of those children followed for more than 2 years, 88% of them were symptom free, although some did have reoccurrences in between [5] . As shown in this case, patients may not be able to tolerate physical therapy and may require significant pain control. Pain control should start with more conservative oral analgesia and escalate to more invasive procedures. Invasive procedures such as peripheral nerve blocks, epidural anesthesia, and sympathetic blocks are not performed to treat CRPS as much as they are aimed at providing adequate pain control so that the patient can swiftly and effectively engage in physical therapy [15] .
Sympathetic blocks, commonly stellate ganglion blocks for upper extremity pathology or lumbar sympathetic blocks for lower extremity pathology, are often used in refractory cases of CRPS in adults, and some clinicians have utilized these in recalcitrant pediatric cases as well [15] [21] . A role for the sympathetic nervous system in the induction and maintenance of pain in CRPS arises from the observation that CRPS patients undergo pain relief following sympathetic blockade. These patients were subsequently said to have sympathetic maintained pain [12] . Sympatho-afferent coupling as well as sympathetic induced vasoconstriction, ischemia and subsequent acidosis of affected tissue in CRPS patients may possibly underlie these findings [12] [23]- [25] , however randomized control trials have not been able to show that sympathetic blocks are any more effective than placebos [26] . As the incidence of placebo effects is high in CRPS [27] , it is possible that sympathetic mechanisms may in reality have little bearing on pain in CRPS. Microneurography in 24 patients with CRPS I and II found no evidence of nociceptor activation after sympathetic provocation maneuvers [28] , further validating this notion that sympathetic hyperactivity is not responsible for pain in CRPS and that sympathetic blocks may not carry as much utility as once thought in this condition. Furthermore, the use of stellate/lumbar sympathetic blocks in children poses safety concerns due to the potential for neuraxial trauma as well as the inherent risk associated with the sedation or general anesthesia required for these interventions [29] . As these blocks are often multiple in nature and spaced across several days or weeks, the cumulative risk associated with them is considerable. Additionally, parents may also have to take significant time off of work to bring their children back and forth from their homes to the hospital for these procedures, and hospitals may incur increased costs associated with multiple OR visits [29] .
Continuous brachial plexus supraclavicular nerve catheter placement may be a great, cost effective alternative for pain management in recalcitrant upper extremity CRPS. A retrospective study of 25 patients, 17 of whom were diagnosed with CRPS, showed significant improvement in pain and ROM following Bupivacaine brachial plexus injections [30] . While a continuous epidural catheter may also be effective, it failed to cause any pain relief in this case. Continuous epidural catheterization for pain control, unlike continuous supraclavicular catheterization, does not allow for unilateral blockade to the extremity and also assumes the risk of neuraxial trauma [29] . Supraclavicular catheters are fairly safe and the most common complication associated with these procedures is a superficial skin infection at the skin insertion site [31] , although tunneling a continuous catheter seems beneficial in reducing risk of infection by decreasing clinically relevant movements of the catheters [32] . Epidural abscesses and infections, while only rare complications of epidural catheterization, have the potential to be much more devastating just given their location and even without direct trauma, abscess formation, or hematoma, cases of ischemic injury to the spinal cord have been documented in children undergoing epidural anasthesisa [33] .
Certainly, there is a need for further research surrounding the diagnosis and treatment of pediatric CRPS. Delays in diagnosis, higher reoccurrence rates in pediatric cases of CRPS than in adults, instances of conservative measure failure, as well as possible biological mechanisms linking inadequate pain control and reoccurrence, all highlight the need for change. It follows that better diagnostic criteria for pediatric CRPS must be developed and that a more comprehensive and at times invasive approach to treating pediatric CRPS may be necessary. This case study illustrates that pediatric CRPS is not a mild clinical entity and that invasive measures may be useful to expedite physical therapy and recovery.
Conclusion
Continuous supraclavicular brachial plexus catheter infusion of local anesthetic is a valuable method of reducing pain in severe cases of upper extremity pediatric CRPS and may be safer and more effective than other invasive measures, such as sympathetic blocks and epidural catheterization. Further research surrounding the diagnosis and treatment of pediatric CRPS is needed to allow early diagnosis and treatment and to improve outcome.
